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ABSTRACT

We have measured the electron-impact-induced fluorescence spectrum of neon in the

wavelength range 120-270nnI  at a spectral resolution of 0.43nn1  (l~Wl IM) . ~’he strongest lines

observed in the far ultraviolet (l:UV) spectrum of neon arc assigned to terms of the Doublet

system  of Nc 11 (2s22p4 nl) and Triplet system of Ne 1 I I (2s22p3 31). our FUV spectral data

obtained at 300cV electron impact energy provide absolute emission cross sections of these Ne 11

and Ne 1 II lines and arc compared to previous mcasurcmcnts, where availab]c.  In addition, the

excitation function of the strongest Ne 11 line observed at 191 .6nn1 was measured from threshold

to 1000cV electron impact energy.



lNTROI)lJCTION

lilcctron  impact-induced fluorescence spectra of neon arc of significant interest in

understanding the basic physics of collisional  excitation pI occsscs  as \vcll  as in tccbnological  and

astrophysical applications. Neon is a member of tbc rat-c-gas series cbaractcrized by a transition

from 1, S- to j]- to jj- coupling in the spectroscopic description of the states of tbcsc atomic

systems (Macbado Ct al., ] 984). ‘1’ccbnological  dcvclopmcnt  of discharge systems in which neon

plays an important role such as Nc-discharge light sources, I Ic-Nc and NC-XC-NFZ lasers

(Sbarpton  ct al., 1970) requires knowledge of cross sections for electron impact excitation of

neon in order to model tbc discharge processes (Phillips et al., 1985). Neon also plays an

i]nportant role in a wide range of astrophysical phenomena, being the n~o.st abundant rare-gas in

tl)e solar systcm , and in tbc cosmos after helium. Spcctropbotometric observations of hot neon

novae such as Nova Cygni 1992 (Shore ct al. (1993), Ilargcr ct al. ( 1993)) and Nova V351

Puppis 1991 (Saiz,ar  ct al., 1995) yield characteristic nebular emission spectra dominated by

forbidden Iincs frotn multiply-icmizcd  neon. Iilectron impact excitation cross sections for neon

Landini ct al. (1985)),

previous experimental

and astrophysical plasmas (l,insky

mcasurcmcnts  of electron inlpact-

arc also nccdcd to model tbc ultraviolet spectra of Ne 1, Nc II and Nc 111 from stellar

atmospbcrcs ( 1 lubcny  ct al. (1991),

(1992), Shun (1 993)).

Comprebcnsivc reviews of

induced emission cross sections and optical excitation functions for neon in tbc ultraviolet

spectral region have been published most recently by van der Rurgt et al. ( 1989) and by 1 lcddlc

and Gallagbcr ( 1989). Neon, Iikc otbcr bcavicr  rare-gases. has strong cxtrcmc ultraviolet (I;UV)

resonance lines of tbc type np5(n+ 1 )s -> np6, and ion Iincs of tbc type nsnp6 +ns2np5.  ‘Ihc

rcsonancc  Iincs of NC ] at 73.59 and 74.3711111  and of Nc 11 at 46.07 and 46.24 nm represent

tral]sitions bctwccn  the Iowcst  lying excited electronic states and

ancl ion, rcspcctivcly.  in an earlier investigation (Kanik et al.,

fluorcsccncc  spectrum of neon in the wavelength range 45-80nnl

2

the ground state of tbc atom

1995) we reported the I;UV

produced by electron impact



excitation at 300cV. Absolute emission cross sections of [bc llUV rcsonancc  transitions of Nc 1,

Nc 11 and Nc 111 were measured, togetbcr with corresponding optical excitation functions.

Intbcprcscnt  workourclcctron  impact mcasurclllcntsa  rccxtcndcdt ocovcrtbcwcakcr

l; LJVspcctraI  region from 120-2701]]]~ wllicl]  i[lcllldcs  tral~sitiolls  oftlIel)ollt]lct  systcil]of  Ncl1

(2s22p’’  n/)and”l’ripIct  systcmofNclll  (2s22p33/).  Previous electro[l-impact  studies of f;UV

transitions bctwccn  cxcitcd  ionic states of neon arc extremely limited, Smirmov and Sbaronov

(1972) mcasurcdt  hccxcitation  functions ofscven lincsof  Nc 111 corrcsponcling  to transitions

bctwccn terms of tbc 2s22p3  3/ config,uratiol~s  in the wavclcngtb  range 220-270tlm.  A

subsequent publication from tbc same group (Samoilov  ct al., 1977) presents revised values for

thcsc cross sections. Walker and St. John (1972) mcasutcd  tbccxcitalion  functions ofovcr  50

states of Nc II with an cxcitcd s, p ord electron outsidca  2p4 core but tbesc measurements were

in the t]liddlc-tlltraviolct  spectral region, Smirnov  and Sbaronov  (1973) also measurcci  electron

i]n})act  excitation functions of38Ncll  lines in thcwavclcngtb  range 270-370nm.  “1’here is poor

ag,rccmcnt  bctwccn  the latter two investigations. Radiative lifetimes of 37 states of Nc 1, Nc II

and Nc 11 I were dctcrmincd by I{csscr (1968) in a modulated electron impact experiment via a

~dlasc  shift analysis of their transitions in the wavelength [ange 200-380nm.  Wc arc not aware of

any ptcviom  studies of electron impact excitation of Ne II and Nc Ill li]~cs in the fUV spectral

region from I 20-220nm.

Wc report in this paper the FUV fluorescence spectrum of neon in the wavc]cngth  range

120-270nm produced by electron impact excitation  at 30(~cV. Absolute emission cross sections

of the observed Nc II and Ne 111 lines are measured, togctbcr with the excitation function of the

strongest Nc 11 Iinc at 191.611111 from threshold to 1000cV. Possible astrophysical applications of

this laboratory I~UV data set for neon are discussed in Section 3.



lCXPICRIMILN’I’A1  , I’ROCIC1)[JRIC

“1’hc experimental apparatus, calibration procedure, and cross section n]easurcment

tcchniquc  have been dcscribcd  in an earlier publication (James et al., 1992). In brief, the

appa[atus  uscct in the present mcasurcmcnts consists of an electron-impact collision chamber in

tandem with a Illcdilllll-rcsoll]tio]l  1. O-m UV spcctrometw, The l;LJV cn]ission spectrum of neon

was measured by crossing a magnetically-collimated bcanl  of electrons al 300cV with a beam of

neon gas formed by a capillary array. Ilmittcd photons. corresponding to radiative decay of

collisionally  excited states of Nc 11 and Nc Ill were detected at 90{) by the UV spcctronlctcr

equipped with a ~~l]otolill]ltil>licr  detector. ‘1’hc resulting 1’UV

in two stages. l;irstly,  the relative spectral sensitivity of the

wavelength was determined using tbc procedure described

mission spectrum was calibrated

optical systcm and detector with

by Ajcllo et al. (1988) for the

wavelength range 120-2 10nm, and by the usc of a NIS’I’-calibratcd dcutcrium  lamp source of LJV

spectral irradiancc  for the range 200-270nnl. An additional normalization procedure was then

applied to the spectrum in order to determine the cmissiol)  cross sectio]l  of each spectral feature.

“1’lle absolute emission cross section of the strong Ne 11 Iinc at 19 1.6nn1,  chosen to normaliz,c  the

relative intensities in the FUV spectrum, was determined in a separate experiment. A gas

mixture (50’Yo Nc and 50°/0 N2 ) was admitted into the scattering chamber and the relative

intcnsilics  of the Nc II Iinc at 191 .6nn1  and N 1 multiplcts  at 120, 149.3  and 174.311111 from

dissociative excitation of N2 were measured at 300cV electron impact energy. ‘1’hc absolute

cmissicm  cross sections for these N 1 multiples at 300eV have been established by Ajcllo ct al

( 1985) and Jan]cs ct al (1990) and provide the required normalization. For example, the cnlission

cross section at 300cV of the stmngcst  N 1 multiplct  at 120nnI  is (2.25 ~ 0.49) x 10-18 cn12.

]ixcitation  function mcasurcmcnts of the Nc 11 Iinc at 19 1.6nnl, performed in a gas-

swam mode by ramping the electron beam energy from threshold to

absolute scale by normalization to the correspol]ding,  cm ission cross

spectral calibration at 300cV.
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An electron impact energy of 300cV \vas sclcctccl  for the present I:(JV spectral

mcasurcmcnts to bc consistent with the energy used in our earlier l;LJV investigation (Kanik et

al., 1995). At this energy tbe polarization of li[JV  radiation from the tcsonance Iincs of Nc I is

zero (1 lammond  ct al., 1989). “1’his is important since our spectral observations arc made at an

angle of 90(’ to the electron beam axis and woulcl othcmisc  bavc required a correction for tbc

polarization of the emitted l;LJV radiation to transform the cross scclion measured at 90(’ to a

total emission cross section.

RIHJLTS  AND I) ISCUSSION

1. The HIV Emission Spectrum

Figure 1 a shows the calibrated I~UV emission spectrum of tlcon in the wavclcngtb

range 120-270nnl produced by

resolution of 0.4311111  (I; WI IM).

electron impact excitation at 300CV,”  measured at a spectra!

Expanded views of this spectrum arc shown in J;igurcs  I b-d in

wbicl] the observed lines are identified by feature numbcls.  The spectrum was obtained at a gas

temperature of 300° K and background gas pressure of 2.5 x 10-4 I’orr. Table 1 lists the 38

observed neon Iincs,  together with the measured emission cross sections at 300cV. Wavelengths

arc Iistcd to an accuracy of f O. 1 nm. Assignments were made using the spectroscopic

identifications of Kelly (1987), Dashkin and Stoner (1975), Reader and Corliss  ( 1980) and

Pcrsson ct al. ( 1991). Many observed features have been assigned to several unresolved

spectroscopic components, listed in decreasing order of in~portanec.

Most of the strongest lines observed in the l~lJ\r emission spcctmm  of neon at 300cV

arc assigned to terms of the Doublet system of Ne 1 [ ( 2s22p4  31 - 2s~2p4 n/’ ) and “1’riplct

systcm of Nc Ill ( 2s22 p3 3/ - 2s22p3  3/’ ) where / , /’ = s, p, d or f. IFigurcs 2 and 3 show

simplified Grotrian diagrams oftbcse  systems of Ne II and Ne 111 (I]asbkin  and Stoner, 1975)
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with obscrvcci  transi~ions  indicated. Otllcr (weaker) transiticms  idmtificd in the I;[JV spectrum

also involve the Nc 11 system 2s2p6 - 2s22p” [1 D] 3p, corresponding to features I I and 12.

l:cature 34 observcci  at 237.46nm is tentatively identified as a Nc IV transition, based ON the

assignment of 1,indcbcrg ( 1972). It shoulci  be noted that notle of the listed spectral features can

be attributed to the dispersed radiation being observed in second order.

l’hc strongest I~(JV emission line is feature 19 at 191 .611m, assigned to the Nell transition

2s22p4[sP]  3s ( 21)) - 2s22p4[  11)] 3p ( 21)0),  with an emission cross section of 4.64 x 10-20 cm2 at

300cV electron impact energy. This is more than two orders of magnitude lower than the

corresponding cross section for the resonance line of Nc 1 at 73.591111~.  l]) our earlier investigation

of tbc IILJV resonance lines  of Nc 1 (Kanik  et al., 1995) a background gas pressure of 1.0 x 10-6

“1’orr ill the scattering cbambcr was chosen to ensure ol)tically tbia conditions and avoid sclf-

absorption effects. I lowcvcr, the Nc 11 and Nc 111 spcct[al  lines observed in the I;UV emission

spectrum arc not susceptible to these self-absorption effects. I’his enables a higher background

gas pressure of 2.5 x 10-4 Torr to be used in order t{) be able to detect these much weaker

clnissioa  lines. I’he cxpcrimclltal  detection limit for observation of a line in the measured FUV

spectrum corresponds to an emission cross section of approximately 4 x 10-22 cm2 It should

be noted that l~cature  I observed at 121.611111 (I,yman-u)  in the l:LJV spectrum is produced by

dissociative cxcitatiot] of the trace amount  of water vapoj  present in all vacuum systems. and is

obviously not included in ‘l’able 1.

“1’bc unccrlaillty  in the absolute emission cross sections  measured in this work is

estimated from the square root of the SLIm of the squares of the following contributing errors: 1 )

30% uaccrtaillty in tbc rc]ative spectral sensitivity calibration, 2) 22% uncertainty in tbc N I

12011111  emission cross section (James et al., 1990) and 3) up to 10% uncertainty duc to signal

statistics. ‘l-his calculation  yields on overall error of approximately 39°A1

l’revious electron-impact studies of IJUV transitions between excited ionic states of

neol) arc extremely limited. Smirnov and Sharotlov ( 1971?) measured tllc excitation functioas  of

seven lines  of Nc I I I from tbrcshold  to 500cV corresponding to transitions between terms of the
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2s22p3  3/ configurations. ‘Ilcsc  lines arc observed in tllc wavclcngtb  range 220-2701~m and

correspond to features 29, 30 and 35-39 in our I;(JV spectrum. A subsequent publication from

tbc same group (Sanloilov ct al., 1977) prcscntcd  revised measurements of some of tbcsc cross

scc,ticms  and cJctcrn~inccJ the cascade contribution to tbc population of o]lc of tbc ICVCIS (feature

39). “fbcir stated absolute accuracy was 40%. It should be pointed out that all tbc emission cross

sections measured in the present work include any cascade contributiotl  to tbc population of tbc

uppct excited  Icvcl. .

“1’able 2 shows a comparison of tbc I;(JV emission cross sections measured in tbc present

work at 300cV to tbc data of Smirnov  and Sharonov (1972) and San]oilov ct al. (1977). ‘1’bcrc is

not good agrccmcnt bctwccn  tbc tbrcc data sets,  tbc cross sections measured by Smirnov and co-

workers being of lbc order of 75°/0 bigbcr  than tbc present values. With tbc cxccption  of features

30 and 39, bo~vcver, the large stated error bars do overlap. Note that in a separate middle

ultraviolet (MIJV) investigation of Nc 11 tbc cross section values measured by Smirnov  and

Sbarcmov ( 1973) were, on average, tbrec times larger than those measured by Walker and St.

John (1972) for tbe same transitions and the spread was very large. Wc arc not aware of any

previous stuclics of electron impact excitation of Ne 11 and Nc 11 I Iincs in tbe l:lJV spectral

region from I 20-220nnl.

2, ]txcitation  Function of the Nc 11 line at 191.6nnl

f:igurc 4 shows tbc absolute excitation function of the strongest Nc II Iinc at 191.611111

(I;cature  I 9) mcasurecl  at a spectral resolution

clcct[on  impact energy. ‘Ibis Iinc is assigned

of 0.431~t II (11’WI IM) from threshold to 1000cV

t o  t h e  NcII transitic)n  2SZ21$[3P] 3s ( 2P) -

2s22p4[i Il] 3p ( 2P()) . l~xcitation  of tbe upper level  of this transitiol~  nominally involves the

simultaneous ionization of onc 2.p electron and excitation  of anotbcr,  resulting in a Ibrcsbold

cxcitat  ion energy (appcarancc potential) of 55.82cV. Relative cxcital ion function data were
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placed on an absolute  scale by normalization  at 300eV electron impact energy to the emission

cross section value of 4.64 x 10-20 cm2 obtained in our l~UV spectral calibration. Also shown

in l:igurc 4 is a modified IIom approximation analytic fitting function appliccl  to the data in the

manner described in detail by Shcmansky  et al. (1985 a, b). l:itting constants arc givca in the

l:igarc  caption. Wc arc not aware of any previous excitation function mcasurcmcuts of this

transition. I:or comparison, howc.vcr, mcasurcmcnts by Rapp and l;tl{[lallclcr-Goldctl  (1 965) of

the total ionization cross section of neon arc shown in l;igurc 5 and exhibit a similar energy

clcpcncicncc ofthc relative cross section.

Simultaneous ionization and excitation is optically forbidden whcncvcr it involves a

two-clcctroll  process. l]ascd on the stated assigntntmt of tllc upper Icvcl of the Nc II transition at

19 1.61111),  tbc corrcspcmding  excitation fuaction is thus cxpcctcd  to cxbibit  dipole-forbidden

behavior in the high energy region. I ]owevcr,  tbc mcasuled shape is characteristic of a dipolc-

allowcd process ( vcrificci  by the finite va]uc for the llora coefficient C, in the analytic fit

applied to the data). In contrast, comparable excitation functions measured for I IC 11 and Ar 11

transitions also involving simultancotls  ionization and excitation demonstrate the cxpcctcd

optically forbidden behavior in tbc high energy region (Sl}cmansky  et al. ( 1985b), Ajcllo et al.

( 1990)), I’hc neon total ionization cross section data of Rapp and l{nglandcr-Goldctl  ( 1965) is

dominated by the optically allowed single electron process 2s22p6 - 2s;!2p5  and its high eacrgy

dependence is also as expected. A possible explanation for tbe anomalous shape of the Ne 11

19 1.6nm excitation function involves configuration interaction in whic]l the nominal upper level

of this transition may bc strongly  coupled to an (unidentified) dcgcmmtc  state populated by an

optically allowed process involving a single inner-shell electron.

Ihission  cross sections rcpor[cd in tl]is  work will include any cascade contribution to

(hc population of the upper Icvcl. ]Jor the case of the transition at 19 1.6nm, possible cascade

chantlc]s arc from higher lying 2s22 p4 n/ Icvcls  , thouf,h  no measurements arc available to

quaniify  these possible contributions. lkcitatioa  of these cascade channels will also involve

two- electron proccsscs.
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Mcasurcmcnts of cmissioll  cross sections  ( Qg(J(’) made at an ai)glc of 90° bctwccn the

clcctrm  beam and optic axis arc related to the total emission cross section ((.)( o[al) by

QtM = Q9/ j (l-l’/J), wl~erc 1’ is t~IC p~lari~atioll o f  tl~c cl~liltcd  radiation].  I laml~lolld  C( al.

(1989) measured tbc polarization of the integrated radiation emitted following electron impact

excitation of Nc in the energy range from tbrcslmld  to 480CV. This polal  iz,aiion data was used to

correct our previous mcasurcmcnts of IILJV excitation functiol)s  of tbc strongly polariz.cd Nc I

rcsol~ancc lines ( Kanik  ct al. 1995). Similar polariz.at  ion correction was not applied to the

present I;UV excitation functiol~ of the Nc 11 line at 191.611111 since Ihc polarization data of

I lammond  ct al. (1989) arc restricted to the integrated I{UV radiation cbanncls  by tbcir  choice of

pbotoll  detector. l:urthcrmorc,  Walker and St. John (1972) examined polarization effects in an

investigation of MIJV excitation functions of over 50 slates of Nc II wittl  an cxcitcd s, p or d

electron outside a 2p4 core. They found only 3 transitions with polarizations of more than 5°/0,

and all were Icss than 10O/O.

3. Astrophysical Applications

I’here arc a number of possible astrophysical applications for tllc laboratory l~[JV data

set of neon measured in tbc present work. NCOI) abundance is important for tracing tbc effects of

core nuclcosyntbcsis in intcrmcdiatc  mass stars, especially the progcl~itors  of novae, and in the

interpretation of tbc spectra of supernovae in tbcir early stages of outburst (Ilaron ct al. ( 1 994),

Nugcnt  ct al. (1995), I;astman  and Pinto (1993), [lastman ct al. (1994)). II] a study of tbc (JV

spectral evolution of Nova Cygni  1992, Shore et al, ( 1993) rc-assigned tbc Iinc observed at

2 1511t11 to a permitted Nc Ill transition. “lhis  neon line is  a lso obscwcd in our laboratory

spectrum (I:caturc  26), supporting tbcir revised analysis, In anotbcr  application, the 191 .611N1 Iinc

appears to explain tbc high resolution emission Iiuc profile near (’ III in Nova I lcr 1991 (Sborc,
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private collltllllllicatic)tl, 1995). lines obscrvcct  near 191m11 arc important because of their

~~ossit>lc  colltrit>lltiol  ltolotv  rcsollitiot~  spectra  ofplallctary  llcblllac  J\llcrctl~cC  111 /Si Ill ratio

is usccl to clctcrminc  clcctrcm densities (Nussbaumer and Stcnc.cl, 1989). f;ina[ly,  in another

rcccnl nova (Aql 1995), observation of a UV line at 194mm (Shore, private communication,

1995) might bc attributed to the Nc II transition measured in our spectrum  (Feature 21).

I,alJc~lator~~ l;(JVdatafortlcoll  mayalsoassist  inthcaccuratc  identification oflincsobscrvcd  in

the I;(JV spectra of novae where NcII and NeIII wavclcmgths  may coincide with the spectral

signatures of other spccics  that arc normally cxpcctcd  to bc ovcrabuadant in the cjecta,  Non-

lrl'tlll~odclc  alclllatiol~so  ftl~cearlyo  pticallyt  llickdc1lsc  stages of nova and wind spectra also

rcquilc knowledge of the permitted transitions of nc{)n in its  lower states of ionization

(1 lauschildt  et al. (1994, 1995), Wu et al. (1992), Shore (1992)).

Collision cross sections for excitation of high-lying states of Nc II and Nc 111 are

especially important for the interpretation of massive white dwarf sl)ectra,  where tbc demities

are high and I

Rcccllt 11011 -1,’1’

l)ctcminations

ollisional  excitation produces appreciable populations in these cxcitcd  states.

1 calculations arc discussed by J]ubcny et al. (1991) for high gravity stars.

of opacities in plasmas of any white dwarf via the mission spectra of the

surrounding gas rely cm the availability of accurate experimental collision cross scctioa  data

(I:crland , 1994).

laboratory measurements of the electron-impac.t-induced I;(JV emission spectrum of

neon may also bc important in the analysis of dielcctronic  recombination in solar and stellar

cxmmac (1 ,insky, 1992) and for the analysis of the UV spectra of dense hot Magcllanic  Cloud

plamtary  nebulae (I)opita and Mcathcringham  ( 1991 a, b), [)opita  ct al. ( 1993)).
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]tigurc ] : ( a )  C a l i b r a t e d  }:(JV  ~lllissioll  sp~ctrlllll  Of Ilcol]  prodllc,cd  by electron  i m p a c t

cxcitalicm  at 300 cV, measured at a spectral resolution of 0.431~111  (I; W1 IM) in the wavclcngtb

range 120-270nm. Ihpandcd  views of this 300cV spectrum are showt) in (b) 120-17511111, (c)

1 -/0 -22 S11111 and (d) 215-270i]m.  ‘1’hc spectrum was measured in a cmscd-beam mode at a

background gasprcssurcof 2.5 x 10-4 “1’orr.  l(lclltificatiol~  sai~c{at>sollltc  cll~issioll  cross scctiolls

of the obscrvccl  features (numbered) are listed in “1’able 1. ‘1’bc accuracy of the wavclengtb  scale

is ~ O.lnm.

Figure 2: Simplified Grotrian  diagram for tbc prominent I:(IV transitions of neon showing

transitions bctwccn  terms of tbc Doublet  system of Nc 1 I [ 2s22p4 31 - 2s22p4 nl’]  observed in

tllc wavelength rallgc  120-270nm ( Dashkin and Stoner, 1975)

Figure 3: Simplified Grotrian  diagram for tbe prominent FUV transitions of ncol] showing

transitions bctwccn  terms of the l’riplet  system of Nc 111 ( 2s22p~ 31 - 2s22p3 3/’ ) observed in

tllc wavclcngtb  range 120-270nn)  ( IIashkin and Stoner, 1975)

l~igurc 4: Absolute excitation function of the Nc 11 line at 19 1.6I1m measured at a spectral

resolution of 0.43mn (f~W1{M) from threshold to 1000cV electron impact energy (dots); the

appearance potential is at 55.82eV. Solid line represents a modified Born approximation

analytic fitting function (Shcmansky et al. 1985a, b) apl)licd  to the data [with fitting constants

(X1016):  CC)= O, C,= 0.019839, C, = C, =-C, = O , C,= -0.1277, C,-- 0.1277, (,= 0.12915

and alpha= 0.22388].

l~igurc 5: Absolute “1’otal ionization  cross section of neon measured by Rapp and l;nglandcr-

Goldcn ( 1965) from threshold ( 2 1.56cV) to 1000c\~ electron impact energy.
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Calibrated FUV Emission Spectrum of Ne Produced by 300eV Electron Impact
[AA = 0.43 nm]
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TAB1,E I AIISO1.UI’E  EMISS1ON CROSS SECTIONS 01: NEON  AT 300 eV I{ I,lHXON IMPACT ENERGY

Feature Spccics integrated L Observed PeakL Configuration Term hnission Cross
Number (ml) (rim) Section (x 10-2’ cn]2)

2 Nc II 122.66-123.46 123.06 2s22p4(3P)3s  - 2s22p4(’S)3p 2 P - 2P0 3.39

Ne 111 2s2?p3(2D)3s  - 2s22p3(4S)4p 3[)  . 3J~

—.—— .. -—-- . . . .._ — - .  —  ——— ..—

3 Nc 11 123.56-124.06 123.76 2s22p4(3P)3s  - 2s22p4(1S)3p 21’- 2P0 0.89

Ne 111 2s22p3(2D)3p  - 2s22p3(2P)4s 3p - 3p

——-— —— . —  .  .—

4 Ne 111 125.06-125.96 125.66 2s22p3(4S0)3s - 2s22p3(2D0)3p ‘s0”3[’ 5.07
-————.  .. — . . ..-.. — . ———  —--— —-————  ——.

5 Nc 11 139.86-140.56 140.26 2s22p4(’D)3s  - 2s22p4(’D)4p 21) - qm> ‘1)0 2.17
2s22p4(3P)3s  - 2s22p4(3f’)4p 4p - 4po

-..-—. . . . ._ .._. ____ ——— — - —  — —.——

6 Nc 11 141.46-142.26 141.76 2s22p4(’D)3s  - 2s22p4(’D)4p ‘D - *FO 1.99
2s22p4(3P)3s  - 2s22p4(3P)4p 4 P - “PO

. . . . . . . . . ..—. ——— ——--— ——— . -— .— -- —.- .— ._. .

7 Nc 11 142.56-143.16 142.96 2s22p4(3P)3s  - 2s22p4(3P)4p ‘P - ‘P’J 1.97

Ne III 2s22p’(2P)3p  - 2s22p3(2P)4s 3s - 3p

—- -. —. . . . ..— . —--— ——. —.— -— .——. _ . . . . .._-

8 Ne II 146.76-147.56 147.36 2s22p4(3P)3s  - 2s22p4(3P)4p 2p - 2s0 1.56
2s22p4(3P)3p  - 2s22p4(3P)7s 21)0 - 2P

Nc 111 2s22p3(2D)3p  - 2s22p3(2D)4s 1~: - ID

2s22p3(4S)3d  - 2s22p3(4S)5p 51) - 5P
——.—- . . . . . —.__. ——— ——. . . .—. ——

9 Ne II 159.46 -

Ne 111

-—— .-. -—.. -. .—. . .

59.96 159.81 2s22p4(’D)3s  - 2s22p4(3P)5p 21) - w 1.72
2s22p4(3P)3p  - 2s22p4(3P)6s 21]0 - 2p

2s22p3(4S)4p  - 2s22p3(4S)8s Sp - 5s

_—— —— __— —_ . _— -— —. —.-

10 Ne 11 160.06-160.85 160.46 2s22p4(’D)3s  - 2s22p4(3P)5p ‘[) - ‘po 6.21

Nc 111 2s22p3(2D)3s  - 2s22p3(2f’)3p ‘I)- ‘I)

—— .—. . . . ,. .. ____ — —--— —— .——. —

11 Nell 167.76-168.36 168.16 2s2p’ - 2s22p4(’D)3p 2s - 2po 1.78

2s22p4(3P)3p  - 2s22p4(3P)6s 2po - 2p

———. —- —. —.- _ —-. —_. —-— ——— —....——

12 Nc II 168.46-169.16 168.86 2s2p’ - 2s22p4(’I))3p 2s - 2po 3.93

Ne 111 2s22p’(2D)3s  - 2s22p3(2P)3p ‘1)- ‘D
2s22p3(2D)3p  - 2s22p3(4S)4d ‘1)- ‘1)

- ..-. .— .-— —— — - —  — ——.———



}cat urc Species ln[cgratcd  2. Observed Peak). Configuration ‘1’crm [;mission Cross
Number ([1111) (rim) Section(x  10-2’ cm2)

13 Nc 11 169.26-169.76 169.46 2s22p4(’D)3s  - 2s22p4(’S)3p 21) - lpf’ 0.88
2s22p4(’P)3p  - 2s22p4(JP)6s 2po - 4p

Nc 111 2s22p3(2D)3p  - 2s22p3(2D)4s ‘P - ‘D
2s22p3(2D)3p  - 2s22p3(2P)3d Jp - ID

-. ..—. — .—— .—— -—.

14 Nc II 182.06-182.96 182.66 2s22p4(’D)3p  - 2s22p4(’D)5s ‘~o  _ ‘~
1 . 6 7

2s22p4(3P)3p  - 2s22p4(3P)5s “[)0  - ‘p

Nc 111 2s22p3(4S)3d  - 2s22p3(4S)4f S[)-  5 ~:

15 Nc II 184.56-186.16 185.36 2s22p4(3P)3p  - 2s22p4(’D)4s 2P0 - 2[) 2.43
2s22p4(3P)3p  - 2s22p4(3f’)4d ‘rY - “P, 2P, *F
2s22p4(’D)3p  - 2s22p4(’D)4d ‘1’0  -*F
2s22p4(3P)3p  - 2s22p4(3P)5s ‘[)0 - “p, ‘p

Nell] 2s22p3(2D)3d  - 2s22p3(2D)4f 3[) - j,lp 3>ID
- ‘.l~:  3JG’

@ - L3G,  L3~;

. . -——.—. .—

16 Nc II 1S7.56 -188.46 188.06 2s22p4(3P)3p  - 2s22p4(3P)4d ‘1)0 - ‘F, ‘F 3.09
2s22p4(3P)3s  - 2s22p4(’D)3p 21>- *DO

Nc 111 2s22p3(2P)3s-  2s22p3(2 P)3p Ip - Is

. . . . . . . . . -..—.———— —--— ———— . . .—

17 Ne 11 188.56-189.36 188.96 2s22p4(3P)3p  - 2s22p4(3P)5s
2s22p4(’D)3p  - 2s22p4(’I))5s

- - _ .  - — _  — _ _ _ _ -——. —

18 Ne II 190.36-191.06 190.76 2S22P4(3P)3S  - 2s22p4(’D)3p

-- .—. .—. —-.

19 Ne II

2s22~(3P)3p - 2s22p4(3P)5s
2s22p4(3P)3p  - 2s22p4(3P)4d

‘Do - Zp 1.56
‘P” - 2D

2p - 2po 9.16
*DO - Zp, “p
“D” - ‘D

91.16-191.96 191.61 2s22p4(3P)3s  - 2s22p4(’D)3p
2s22p4(3P)3p  - 2s22p4(3P)4d

.. ——.. ——-. —

20 Ne 11 192.56-193.36 193.01 2s22p4(3P)3s  - 2s22p4(’D)3p
2s22p4(’D)3p  - 2s22p4(’D)5s
2s22p4(3P)3p  - 2s22p4(’D)3d
2s22p4(3P)3p  - 2s22p4(3P)4d

Ne 111 2s22p3(2D)3p  - 2s22p3(2D)3d
2s22p3(2D)3d  - 2s22p3(2D)4 f
2s22p3(2P)3d  - 2s22p3(2P)4f

2p - 2po 20.6
2D0 - *D
‘1’0 - 2s
‘Iy’ - ‘~

21 Nc II 193.46-194.16 193.86 2s22p4(3P)3s  - 2s22p4(’D)3p 21’- 2P0 9.62
2s22p4(3P)3p  - 2s22p4(3P)4d 2 [ ) 0  - 4]3

2s22p4(3P)3p  - 2s22p4(’1’)5s 2s0 _ 2p

. —  .—--.. - . - —  ———— -. ——-. —-—



.

Feat ure Spccics Integrated L Observed PeakL Configuration Term Emission Cross
Number ( m ) ( r i m ) Section(x  10-21  crn2)
.—

22 Ne II 194.36-194.86 194.56 2s22p4(3P)3p  - 2s22p4(’  D)3d

Nc 111 2s22p3(4S)3d  - 2s22p3(4S)4f
2s22p’(2D)4s  - 2s22p3(2P)4f

———_

23 Nc Ill 206.16-206.96 206.56 2s22p3(2D)3s  - 2s22p3(2D)3p
2s22p3(2P)3p  - 2s22p3(2f’)3d

_—. _ .

24 Nc 111 208.16-208.96 208.61 2s22p3  (2 D0)3p  - 2s22p3(2D0)3d
—— —--- ——-— ——. — .-

25 Nc 111 209.26-210.06 209.66 2s22p3 (2 D0)3p  - 2s22p3(2D0)3cl

2s22p3  (2P)3p  - 2s22p’(2P)3d
-—— .- .__,_ . .- —._ —— — - - — ——. — .

‘r) - ‘D 10.57
3 s - ‘P

3[)  - 3[)” 9.34

31) - ‘Do 18.7
‘P - ‘s
‘D - 3D

26 Nc 111 214.66-215.56 215.16 2s22p3 (2 D0)3p  - 2s22p3(2D0)3d ‘D - 3F0 1.22
2s22p3 (2P)3p  - 2s22p3(2D)4s ‘r - ‘r)

— . . .- . . . .. —.. — -.— —-— ——— . —— ------

27 Ne Ill 215.66-216.86 216.36 2s22p3 (4S)3p  - 2s22p3(4S)3d 5p -s~ 1.18

28 Nc 111 217.36-218.56 218.06 2s22p3 (2D”)3s - 2s22p3(2D0)3p
-.-— . . . . . ..— _ . .. —— —-— ———. — .-

29 Nc 111 220.26-221.96 221.36 2s22p3  (2D0)3p - 2s22p3(2D0)3d
2S22P3  (2P)3p - 2s22p3(2P)3d

—.— - . . . .—. .——. — — — - - — . _—— _

30 Nc 111 226.16-226.96 226.56 2s22p3 (2D0)3p - 2s22p3(2D0)3cl

. . . . . . . ..— .- —— ————.

31 Ne 111 227.06-227.86 227.51 2s22p3  (2D)3p - 2s22p3(2D)3d

‘D” - 3P 9.4
.—— —. ——. ._.. ——

31’- ‘G” 2.27
3])  - q:

‘F - ‘G 0.94

——.. --. ——_ —..- —-— ——— ..— ——

32 Ne 111 228.16-228.76 228.46 2s22p3 (2P)3p  - 2s22p3(2D)4s ‘P -‘D 0.39
2s’2p3 (2D)3p - 2s22p3(2D)3d I1; _ 3(J

———-_— .-. — ——-— ——— . . ——.

33 Nc 111 235.96-237.06 236.56 2s22p’ (2P)3s - 2s22p3(2P)3p 3p - 3p 6.11

_—— _ . . ..—. _. ._. ——.————. ——— .-— — ——

34 Nc IV 237.16-237.66 237.46 0.55

——— .- . . . . . . .- — - — ———_ .._

35 Nc Ill 246.96-247.76 247.36 ‘2s22p3  (2P)3s  - 2s22p3(2P)3p Ip - 1[) 6.49
2s22p~ (2P)3p  - 2s22p3(2D)4s ‘D- ‘I>

—— -— -.. --— —_. ._ _—--— _—. _ . —



.

Feature Spccics Integrated L Observed PeakL Contigurat ion ‘I ‘crm Iirnission Cross
Number ( m ) (m) Section (x 10”2’ cm2)

36 Nc III 258.66-259.96 259.36 2s22p3 (4S)3s - 2s22p3(4S)3p 5s0 - 5p 2.9
-...-—— .- .. —-.. —- .— --—

37 Nc 111 260.66-261.96 261.26 2s22p3 (21 10)3s - 2s22p3(2D0)3p  ‘D” - ‘F 4.93
.. —— --- . . . ____ --—

38 Nc Ill 263.46-264.86 263.96 2s22p’ (21)0)3s - 2s22p3(21’0)3p
2s22p3 (2D)3p - 2s22p3(2D)3d

‘1’” - ‘P 3.95
3 p  - 31)

39 N C Ill 267.26-268.26 267.86 2s’2p3 (4s0)3s - 2s22p3(4s0)3p ‘s’ - ‘P 10.76



‘lABIJ;  2. COMf’ARISON  OF E’UV EMISS1ON CROSS SECTIONS OF Ne III MliASURIHJ  AT 300 eV

I:eat urc Observed Peak k Emission Cross Section at 300 c.V (x 10“21 cn12)
Number ( m ) This Work Smirnov  and Samoilov  et al.

Sllaronov (1972) (1977)

29 221.36 2.27 3.8

30 226.56 0.71 6.2

35 247.36 6,49 14.5

36 259.36 2.9 3.8 5.8

37 261.26 4.93 6.2 10.3

38 263.96 3.95 6.5 7.1

39 267.86 10.76 28.5 27.0


